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ABSTRACT

This report discusses the work of the Stress Measurements Group which was
required to install a gsuccessful flight strain measurement system on the
NASA/Conveir Centeur (AC-6) liquid hydrogen fuel tank skin. This work
included plenning, eveluation, installation, and checkout of the straln
gage system. Baldwin wuniversally compensated FNB-50-12E straln gages were

selected to provide the following:
1. Operste at -h23°F.
2. Measure individusl straing which are easily convertible to skin stress.

3. Haveha minimum zero shift during temperature excursions of from TO°F
to =423°F.

k. Be reliable during the several months period between the installation
date and the flight date.

Results of lsboratory and full scale testing are presented. The flight
date is discussed in the body of the report and in Appendix G.
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ZNTRODUCTION:

The NASA/Convalr Centaur upperstage liquid hydrogen fueled vehicle is
being developed to place a Surveyor payload on the moon. This unmanned
vehicle is a successor to the highly relisble Air Force/Convalr Atlas
from the standpoint of structural design. It is a pressure stebilized
thin~skinned cylinder of type 301 corrosion resigtant steel. The
structural designers worked to certain assumed loading conditions
based on past Atlas flights and to Centaur vehicle performasnce specli-~
fications. The NASA personnel at Iewis Research Center, Cleveland,
Ohio, as progrem managers, directed thet certain steps be teken to
compere actual flight loads to flight load sssumptions. A measurement
of stress in the primery structure was of particular interest to the
customer (NASA) and Convair designers in considering the present safety
factors and possible future weight reductions.

Meximum acceleration loads were expected just prior to Atles booster
engine cutoff. Maximum shear loeds were expected in the upper stwmos-
phere at high veloclty. Axisl alr losds were expected to increase as
veloclty increased. Manuevers would result in bending moments being
applied to the vehicle structure. Although accelerometers would be of
primary interest in flight instrumentetion, the most direct way to
determine structural stresses caused by these loads would be to measure
strain at various points of interst.

A. OBJECTIVE

The objective was to measure strain in the primery structure
throughout powered flight to determine flight stresses.

B. OJECT

The megsurement of straing on the Centaur fuel tank was a project
which involved the persistence, cooperstion and hard work of many
pecple in many departments at Convalr and at the NASA Lewis
Resesrch Center. The acknowledgements mentions a few. In addition
to the technical information, some mention of the coordination role
of the Stress Measurements Group is included throughout the report
as organization information. The complexity of strain gage measure~
ments has been recognized and the Test Laboratory Strain Gage
Engineers have been given the continuous responsibility for suc~
cessful strain measurements from planning to data evaluation on
numerous programs. This scheme was welcomed by the many groups
responsible for the steps from design to reporting on AC-6. This
organization approach worked well, as did the strain gages.



2.0

3.0

e,

D.

B.

“‘Fourtoen strain mmrements were succeasmz,y acconxylisma on
the 1iquid hydrogen tank skin of AC~6 éur:lng flight. G
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detall and cooperation of many groups in plenning, evaluamonk

‘teating, inatalla'bion checkout and d.ata followhrcugh

'rammratm uompanaation wBs exee;.lent durina the tenmeratum

‘excursion from 70°F down to “h2o°F.

mta check point‘s showed. excellent correlation during flight.

Insulation panel influence on strein readings during preassure
changes made the flight moment load calculations inmccurate.

Stress calculations for the local areas under the strain gages
are accurste although these stresses cannoct be extropolated to
determine moment loads.

Test specimens are discussed in more detall in the reference documents,
in the body of the report and in the appendices. They cen be sum~
marized as follows.

.

;’o.'

Cs

4.

AC=6 Flight Iiquid Hydrogen Fuel Tank.

Point Loms Structursl Test Vehicle EID 55-7545.
Eveluation Test 8train Gages.

1. Budd Co. (29"121"32:’8 gages for material property teais.

2. Baldwin FNB-50-12E gages. Lot No. 64/TN (same as AC~6
, tank strain gages).

Méﬁal Property Coupons from 0.01lh thick 301 XR‘H h&at NQ.

| 71583, coil 17111“AZ ( aame 88 AC~6 fuel tank). :

'pmc&dures are a.immaseél in their chronological order to 1ncluﬁe

planning through deata reduction as accomplisbed by the Stress '
Kka.auremnts Group and others.
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PROCEDUREG: (Cont'd)

A.

PLANNING

Since the basic structure was a single, nearly uniform cylinder,
the most obvicus place for strain geges was on the vehicle gkin
itself. Although insulstion panels surround the tank, there

would be sbout 0.10 in. clearance between the panelg and the skin
for purge gas to pass. This was enough for strain gages and lead
wvires. There were many possible combinations of gage locations,
orientations and special bridge arrangements to messure the desired
quantities. However, the final analysls showed that the most useful
end result-would be minimm and maximum principle skin stresses.

If it were correctly assumed that these stresses would be in the
direction of the flight path and st right angles to the flight
path, twe individually wired gages at each location would be
gsufficient.

Eighteen telemetry channels were made avallable for strain measure-
ment on the tank skins. ILocations were selected as shown in Figure
1. The next step was the gelection of materials to measure these
strains. The fuel tank makes up nearly the entire length of the
fuel and oxidizer composite tank structure. B8Strain gages on thils
tank surface were expected to see a temperature of about -420°F.
Since the airborne signal conditioning would have to be balanced
and calibrated before tanking (for safety reasons), the gage had
to have a minimum zerc shift in going from TO°F down to ~L20°F.

In other words, The telemetry informstion band width would have

to allow for all effects of this zero shift plus the flight changes.

The gage had to be as rugged as possible to survive handling of
the vehicle for several uonths between strain gege installation

- and the launch date. The strain gage had to have predictable

characteristics at cold temperstures (gage factor, linearity,
etc.). Planning for the program was summarized in the memo
reproduced as Appendix A.

1. Strain Gage Selection

The most sultable strain gage was the Baldwin-Lime-Hamilton
FNB-50-12E universslly compensated, Bakelite encapsulated,
nichrome/platinum gage. This gage had the lowest potential
zero shift and proved to be rugged and predictable during

past experience in low temperature applications. The details
of the gage sre shown in Pigure 2. The selection was mede

and transmitted to Centaur Instrumentation Design in the memo
‘reproduced as Appendix B. !
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4.0 PROCEDURES: (Cont'd)
A. PLANNING (Cont'd)

2. Cement Selection

Experience on several large programs had shown Budd Co. GA-5
cement to be satisfactory at temperatures down to =-L423°F.
NASA-lewis tests had also shown thig cement to be excellent
(Reference 1). Waterproofing requirements for the gages and
solder connections were minimized by the presence of dry purge
gas under the insulation penels. Therefore, a thin coat of
GA~5 cement was uaed over the exposed leads and gages.

3. dition te Methods

Budd Co. No. 3 soldering tabs were selected to be bonded near
the gages for lead wire terminals. Teflon=coated wire was
necessary at the very low temperstures. The Teflon insulation
was etched to permit good bonding of the molsture proofing.

Surface preparation for the geges included sbrasive blasting
(velvetizing) the skin, cleaning with detergent and rinsing
all surfaces before cement application.

B

k. Theory of ain e Circuit

The Baldwin FNB-50-12E strain gage is unique because it
provides the possibility of zero bridge output at two or
more temperatures and a low magnitude of zero shift between
these temperstures. This is mede possible by the presence
of a platinum element in the gage which can be used to cancel
the temperature zero shift of the nichrome strain sensing
element. Baldwin literature explains the theory quite well
but does not fill in some of the details. After making the
decision to use this gage, it was discovered, upon closer
examination of the problem, that the lead wire was golng to
have a large effect on the zero position. ITong lengthsg of
lead wire would be cooled to cryogenic temperatures. From
early temperature data, it was evident that the bridge would
, not be an equal arm bridge and the lead wire temperature
changes would be gignificant. The solution was ag follows:

Conditions for initial room temperature belance are showm in
Figure 2. Strain sensor resistance (BG), temperature sensor
element resistance (Rp), and leed wire resistance (Ry), are
shown in Figure 3. Rj, Rp and Rp are contained in the signal
conditioning package. The Ry, values, Ry and Rp will change

L
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PROCEDURBS: (Cont'd)
A. PLANNING (Cont'a)

k.

Theory of Strain Gage Circuit (Cont'd)

with temperature. Rg (nichrome) will decrease with a decrease

in temperature to -423°F. Rp (platinum) will decrease slightly

more than Ry in going down to =423°F. If R is the proper

value, the following will be true for no change in zero balance

(neglecting leadwire).

Ry 07 =R =R 48R (1)

Rp 0° + Ry R'-423° + Rg RpT0° + ART + Rp

EXAMPLE : 120 _n = 119 .~ Nichrome decrease
3.5_~_ + 140 2.3 _~_+ 140 -1~ = ARg

Platinum decrease
nlog Ml = ABYP

-

ARz = Change in resistance of the nichrome strain sensor.
ARp = Change in resistance of the platinum compensator.

The leads are changing tempersture, so By will change and the
following will be true for no change in zero balance.

(2)
0%y 10 = Rg™23%um 83" o (RgTO°saRG) H(RLTO" whry)

it

RpI1O +RLIO+Rg  Rr-U23 +RL-Y23 +RB (Rr70°+ARp)+(RLT0°+ARL)+Rp

ARy, = Change in resistance in the lead wire (assumed to be the
same for both arms).

For a given set of changes from TO°F to =-L4L23°F, there is only
one Rp value vwhich will satisfy the equation. Equel changes
in adjacent arms of the bridge do not cancel each other except
vhere the totsl resistance of the arms are equal so lead wire
changes do not cancel. Ry does not change since it is in the
signal conditioning box. The correct value cen be determined
by solving equation (2) for Rg. The result is
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PROCEDURES: (Cont'd)
PLANNING (Cont'd)

A.

Bn

4, Theory of Strain Gage Circuit (Cont'd)
Rp = (ARp + ARL)(Rg + Rp) ~ (Br + Rp)
ARg + ARj,
Where
= Ballast resistance needed for identical zero balance at
70°F and L23°F.
The values required to solve equation {3) were‘determ§ned
experimentally as described in Section B4 below.
To summarize, it can be said that lead wire temperature effects
were considered significant and a method different than that
normally used was devised to reduce zero shift to a minimum.
EVALUATION TESTING

Evaluation testing included the laboratory tests which are performed
to (1) determine suitable materials and methods, (2) prove install-
ation religbility and (3) determine needed values for use in data
evaluation or circult design.

The evaluation work included the following tasks.

Semple installations.

Gage factor determination at three temperatures.
Transverse sensitivity determination.

Circuit constant determlnations.

Material properties (3 temperstures, 2 directions).
Quality control coupon tests.

Zero shift vs. tempersture testing.

Sample Installetions

As mentioned sbove, the strain gages and materials were selected
by the Stress Measureuents Group on the bagis of previous ex-
perience. This information was supplied to the Centasur Instru=~
mentation Design Group. A formal installation drawing was pre-
pared. Before engineering release, it was reviewed by the
Stress Measurements Group in detail. The suggested changes were
incorporated and the drawing was released as Convair Dwg. No.
55-12505 (Figures 4 and 5).

6
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PROCEDURES: (Cont'd)
B. EVALUATION TESTING (Cont'd)
1. Sample Installations (Cont'd)

Prototype installstionsg were then made on samples of the type
301 CHES skin material in exactly the manner called out on the
production drawing. These specimens were then subjected to
thermsl shock (=-423°F) and strain to verify the materials and
methods. Results were satisfactory and no changes were required.

Gage Factor Determinabion

Gage factor was expected to change with temperature extremes.
The extent of this change was determined by the use of g dual
bending beam fixture and a cryostat similar to that reported
by Kaufman (Reference 1) and shown in Figure 6. The TO°F gage
factor supplied by Baldwin was considered to be sufficiently
accurate and changes from this were determined by compsrison
of strain values measured at TO°F, =320°F, and =-L23°F on the
same gage experiencing identical strains at the three temper-~
atures. Results are listed in Table I and plotted in Pigure 7
as an average of four samples.

Trangverse Sensitivity Determinstion

Transverse sensitivity (strain output due to strain at right
angles to the grid) was known to be appreciable on the FNB~50-
128 gege. The pregence of transverse output was obviously
golng to effect stress calculations on e tiaxial stress field
such as is found on a cylinderical pressure vessel. Three
gages were mounted on the transverse sensitivity fixture (des-
cribed in Reference 2) which produces a uniaxial strain field.
One gage was mounted with the sensitive axis parallel to the
strain developed. Two gages were mounted at right angles to
the first (i.e., parallel to the zero strain direction). The
ratic of these outputs was equal to the transverse sensitivity.
The ratio.was found to be ~2.7B% and -2.92% for the gages tested.
Eerlier tests using five gages showed the ratio to be -2.90%.
The manufacturer states -2.9% for this ratio.

Cirecuit Congtant Determinations

Determinations of the quantities in equation (3) were accomplished
as follows. Fg snd Rp for each installed gage were umeasured with
the vehicle at a known pressure snd temperature. Ry wes cal-
culated from length measurements of the wire installed on the
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{Cont'a) |
Determinations (Cont'd)

vehicle. The changes in lead wire resistance (ARy) were cal-
‘culated from test data which showed chis/ohm change for a given
temperature drop (see Pigure 8). During tehked conditions,
some 6;1‘ the le¢ads were considered to be at =~b23°F and some at
“350°%F. ‘ - * |

Resistance changes of the gages, ARG, were calculated from test
data of similar gages (same production lot) which gave a per-
cent change in resistance while the gage temperature went from -
TO°F to ~423°F. The same method was used for determining ARp.
All resigtances were measured with a digital ohmmeter and the
data considered to be accurate to 4.02 ohms, =

Measurements and calculations for the vehicle gages are shown

Gage element resistances were messured and cslculsted as shown
in Figure 2, to standardize nomenclature and to obtain the most
sccurate values. v

Notice that Ry and Rp cannot be determined by simple subtraction
of two readings since the current path during resistence measure-
ment (Rg) of the sum of Ry end Rp shortcuts from the platinum to
the lower nichrome section. This method of weasurement ig im-
portant since the "corner” of the Wheatstone bridge will lie
‘about at the dot on the¢ sketch and the tempersture effects in
the portion called Ry is not pertinent to this enalysis.

Severely rolled stainless steel has one set of material properties
in the direction of rolling and another in the direction trens~
verge to rolling. 1In calculsting stress from strain in a biaxial
field, i1t was deemed necessary to determine the modulus of elas-
tleity and Poisson's Ratio in both directions. Temperature
effecta were also required. Right-angle rosette strain gages
were mounted back to bagk on tensile coupons (9 in. long x 1.5
in. wide with a 0.5 in. wide test section), Four coupons with

. the rolling direction parallel to the long centerline and four
with the rolling direction at right angles to the long center=-
line wvere instrumented and tested at TO°F, =320°F and -L23°F.
The coupons were immersed in liquid nitrogen and liquid hydrogen
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% for the tw law tempamturea using e vmtmn éaaketaa ermstat
_ fitted into a Baldwin tensile test machine. Results are shown
" in the table below. They were also transmitted in memo wm Gl
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before fli.glrt» ~The memo is reproducea in appendix ca A

3.

CRES TYPE 301 MATERTAL PROPERITES AT THREE mmmmms

——— e ~Moduivs of

W:atm Grain Direction L asti- olty
T0°F Longitudinal 26.4 x 10°
Transverse 30.0 x 106

=320°F Longl tudinal 30.1 x 105

Transverse 33.9 x 106‘

-423°F Longl tudinel 30.2 x 102
3x 10

Transverse 33.

The technical direction for the instellation and checkout of the

. geges was the respongibllity of the Stress Measurements Engineer

assigned to the project. Tests of sample installations were made

to determine quality of bonding. During the installation of gages
on the vehicle, geveral tensile .test coupons were taped down next

to the vehicle gege locations. As the work progressed in the

- factory area, test gages were installed on the coupons with nearly

identical materiels, conditions, techniques, cure cycle, ete.
After the vehicle work was complete, the coupons (contalning a
very close approximation of the tank strain gage {ngtallation)

- were pulled at ~U23°F to 5000 microstrain to establish that the
(materﬁ.als and wcrkmansnip were acceptable.

Tempembure masurementa were made during flight at the two

station levels on the fuel tank where the gtrain gages were ‘
located. ¥From these measurements; it was possible to correct
the strain data for zerc shift. The following is a summary of

9
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PROCEDURES (Cont'd)
EVALUATION TESTING (Contd)

B.

Ts

*

Zero Shift vs. Temperature Testing (Cont'd)

the testing which was done to establish the zero shift vs.
temperature correction curve.

First, an appropriste ballast resistance Rp was determined

by immersing the four mounted test strain gages in hydrogen.

A hit and miss dunking test in hydrogen waes anticipated to be
expensive and time consuming, even with a calculated Rp to

start with. A short cut methcd was devised whereby several

Rp values for each gage were selected at yroom temperature and
balanced with known changes in the bridge completion resistances.
The four specimens were tested in LHp and the Rp values were
again get in steps as at room temperature. Strain readings
(zero shift) at each Rp (and corresporiding balance resistance
reading) were recorded. A plot such as Figure 9 was made. The
recorded zero shift at -L23°F (vertical scale) is plotted vs.

Rp setting in ohms (horizontaliscale). The several points for
each gage form & nearly straight line for small ranges of Rp.
Where this line crosses zerc on the zero shift axis, the correct
Rp can be read on the horizontal scale.

Tempersture chamber tests of the mounted strain gages were then
performed using these correct Rp values in the externsl bridge
circuit. The specimen temperature was lowered from T5°F to
=31L4°F in one chamber and from =340°F down to -U23°F in another
chamber. Additional data was obtained at -320°F (in liquid
nitrogen). The bridge output was measured at increments of
temperature change and plotted later. A composite cf the four
curves is shown in Pigure 10. Further informetion is given in
Appendix D.

STRAIN GAGE INSTAIIATION .

One important aspect of the organizational approach taken on
this and all other factory strain gage installations, was the
close technical direction of the technicians by the Stress
Measurements Englneer. Virtually all strein gase work cn flight
vehicles at Convalr is done by the same techniclians. They
ingtall geges for research, test, and production. Approved
strain gage installation procedures are written by Stress
Measurements and specified on the drawings (these are nct
Manufacturing Specifications). Although the Inspection Depart-
ment approves all work progressively, the Tinal fechrical

10
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(cont' d)v

authority lies with the gtress Measurements Bngineer. He also
prepares an Installation Log which records all installation data
end final readings of individual strain gages. The installation
vas recorded as §~1498 in the Stress Measurements flles. The
procedure for inatalling the gages for this project is reproduced
as Appendix B end is briefly summarized below. The locations are
shown in Pigure 1. A typical mounted strain gege is shown in
Pigure 11. Straln gages used on the vehicle were Baldwin-Lime~-
Hamilton Lot No. 164=TN, type PNB-50-12B. Part of the installation
procedure was the measurement of resistance as discussed in Section
B: (gege element resistances, lesd wire resistences). The re-
sistance to ground checks were gpecified throughout the installation.
Soldering quality was ingpected and continuity checks were made for
lead wire and connector pin identification. NASA soldering pro-
cedure (Reference 3) MSFC-PROC~158B was followed for all strain
gage clrcults.

t Gege Inst tion Proced (see Appendix E)
1. Iocate gage positions from production drawing (check).#

2. Velvetize (8. S. White air sbrasive unit) area under gages and
goldering tabs to light grey color {check).

3. Detergent wash and rinse with distilled water.

L. TPlace gage and tabs in proper relation on cleen layout template
and pick up with Scoteh Tepe and locate on tank (check).

5. Mix and apply GA-5 cement and apply with glass rod to gage
aree and gage. -

6. Press gege in place.

T. Apply Teflon sheet, sponge rubber pad end aluminum plate with
bape to hold firmly in place.

8. Room tempersture cure 2 hours.
9. Raise temperature slowly and cure gt 180°F for 4 hours.
10. Remove pads and Scotch Tape (check),

#(check) Btress Measurements Engineer checks and initials log.

1l
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(Cont'd)

ation Proce

(See Appendix E) (Cont'd)
11, Wire to tabs (check).

12. Route lead wires and solder in place. Spotweld lead wire
hold~downs {check).

13. Coat wires and solder Jjoints with GA'S cement and repeat cure
Steps 8 and 9 (check). '

System checkout was begun after the strain gage installation was
complete and following delivery of the signal conditioning packege
by NASA lewis. Pactory checkout was limited to & Strain vs. Pressure
tegt and pericdic triple messurements of each gsge circult as
mentioned above. The pressure test assured us that each gage

circult was capable of indiceting the proper amount of strain in

the correct direction. The resistance checks were msde to detect
any changes which would effect our clrcuit calculations or show
damege to the gage circuits.

Prelaunch checkout included (1) snother Pregsure vs. Strain test
without insulation panels bolted to the tank, (2) a Pressure vs.
Strain test with panels bolted on, and the tank at TO°F and (3)
another pressure test with psnels on and with the tank filled with
liquid hydrogen. These checks assured us that the circuits were
all good, the panel effect was known and that the circuit was in
fact compensated such that the dsts traces gll remained on scale
at useasble levels.

Just prior to each pressure test, the series resistance calibration
was made in each circult by inserting a sandwich plug between the
gaged and the signal conditioning. The simulator (calibration)

box was then plugged into this plug to reroute the circuits into a
resistance and switching network for celibration. A shorting plug

.could be used in place of the simulator box for zero added re-

sigtence in each circuit. When calibration was complete, the

- gandwich plug, shorting plug and simulator box were removed to the

black house and the gages were connected into the telemetry signal
conditioner.

12
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k.0 PROCEDURES: (Cont'd)
D. CHECKOUT PROCEDURE (Cont'd)

The signal conditioning was designed end manufsctured by NASA levis
under the direction of Frank Maruna. Questions regarding this
equipment may be directed to him in Cleveland. The telemetry
hardware was standard O-5 volt, band edge to band edge, GD/Convair
degign.

E. DATA REDUCTION

Flight data was received at Cape Kennedy and recorded on magnetic
tape. The tape was flown back to San Diego and processed by
computer into digital values ( 2 1/2 samples/sec.}. Computer
outputs were time, strain, stress, moments, tewperatures and axial,
Joad. The computer program incorporated corrections to the raw
data for material properties changes, gage factor change, zero
shift and transverse sensitivity. Output was tebulated and also
plotted against time from liftoff. The disgram below shows the
flow of the data during handling. Strain plots are shown in
Reference 7, and calculated stresses and loads are presented in
Reference 8 as tebles and plots (vs. time).

13
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' ST RESULTS:
A. FULL SCAIE TEST RESULTS

Full scale test tanks are produced and subjected to extensive
ground testing in preparation for flights. As part of one

such program, 72 Baldwin FNB~50-12E strain gages were installed

on & full scale tegt tank. The results of the testing program

on this tank are of interest here. Complete results are recorded
and discussed in Reference 6. , v

1. Test Tank Reliability

The strain gage installation on the test tank was started in
October 1964 while the tank was in a factory dock. Thirty-

one of the strain gages were lnstalled inside the tank. The
tenk was then moved 10 miles to the test stand. Twelve tankings
with liquid nitrogen were accomplished during testing, and as of
1 June 1965, two gages of the initial 72 have falled to function
properly. No rework has been done since original installation.

2. Full Scale Test Tank Checkout

A few days prior to the structural test date, a vealidation test
was performed to check the various systems in operation. This
test included the strain gage system. The vehicle tanks were
filled with liquid nitrogen and pressures were varied.

The least complicated gage results esre shown in the teble. They
show the correlation of theoretical strain to measured strains
due to tanking (head pressure) and pressure change. These are
the lowest hoop dlrection gages and they were chogen because

they show the largest influence from heed pressure. The hoop
strain is calculated using the bilaxial equation for a two-gage
rogette. Pressure due to tanking is calculated from the theoret~
ical density of liquid nitrogen and the height from station 225
to station 397. Measured strain due to tanking is the difference
between the average of five hoop gages at station 225 and the
average of five hoop gages at station 397 (below). Measured
strain due to a tank pressure increase from 4.1 psig to 1l1.1
pslg was teken directly from the datas tape.

15
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5.0 TEST RBSULTS: (Cont'd)
A. FULL SCAIE TEST RESULTS: (Cont'd)
2. Full Scele Test Tenk Checkout (Cont'd)

Theoretical Strain Measured Strain -~ Reduced Test Data
for 1 psig Tank Press. | Due To Préssure increase | Dué to LNP Tenking
Head Pressure
1228 122ue 125e

3. Full Scale Test Tank Ioad Test

-The full scale gtructural test program included numerous losd
conditions. The strain results from a simple axial acceler-
ation load will illustrate the quality of data obtained from
the strain gege installation. The measured strain was 8% less
than theoretical strain. However, the load carried by the in-
sulation panels would reduce the tank load and the resulting
measuring straln values.

Cealculated Measured Strain - Reduced Date in ue
Strain 1 2 3 N 5 g T 8

6k4o 630 570 660 770 835 | 125 660

~Théye

695y Avg. Measured

L. Full Scale Test Tenk Pressurization Results

Plight results sre digcussed below and in Appendix F. One
problem encountered with the flight vehicle data was the
unpredictable moments resulting from tank pressurizetion.

The Point Loma data is examined here as background informstion
for discussion of flight results.

16
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IEST RESULTS: (Cont'd)

A. FULL SCAIE TEST RESUITS (Cont'd)
4. PFull Scale Tegt Tank Pressurization Results (Cont'd)

Table ITI shows strain changes resulting from pressurization

of the test tank from standby pressures to test pressures

before test losds were applied. Ideally, nc moment should
result from pressurization. Therefore, strain values for all
strain gages in & given orientation should iricrease equally for
a given pressure incresse (since skin thickness is assumed to

be 0,014 in. at all locations). For one psi increase in pressure
the strain changes should be as follows:

Longitudinel strain increase 28 microinches/in./psi
Hoop strain increase 121 microinches/in./psi

The transverse sensitivity factor of -2.9 percent will further
reduce thesge values o

Iongitudinal strain reading 2h pe /psi .
Hoop strain reading 120 pe /psi

Looking at Table III it can be noted that the strain increases
are less than theoretical. This has been shown in Reference 6
to be caused by insulation panel restraint by comparing "panels
on" and "panels off" pressure test strain dasta. Reference 6
also shows that messured axial stress is nearly equal to cal-
culated theoretical values in random sample comparisons. Note
from Teble IIT that the response of a given strain gage location
changes from one test to another. Both inside and outside
strain gage readings are shown. The difference between these
readings is due to bending. In most cases the bending is not
severe. However, this could add to the inaccuracy of load
calculations in which strains on one side of the tank gkin are
used. Figure 12 shows this variation between inside and outside
gages for test No. 7 (Sta. 412 Ultimate Design). In most cases
the inside gage increases more than the outside gage except at
locations at 225° (longitudinal) and 315° (hoop).

From Figures 13, 14, and 15 the change in stress can be seen.
These stress calculations are derived from average strain
values (inside and outside gages). Figure 13 shows a fairly
uniform increase in hoop stress due to pressure increase from
test to test (Tests 1, 2, 3, 7). However Figure 1L shows
congiderable difference in response at locations around the
tank for longitudinal stress. These stresses sgain are based
on average strein values.

17
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TEST RESULTg: (Cont'd)

A.

B.

FULL SCALE TEST RBSUITS (Cont'd)
k., Full Scale Tegt Tank Pregsurization Results (Cont'd)

The sbove factors are enough to show why 1t is difficult, if not
impossible, to calculate moments from tank strain gages. In
addition, no information exigts which would show the effect of
increasing and decreasing pressure several times. With in-
sulation panel friction and panel losd paths complicating the
strain picture, it is obvious that no accurate correction factor
can be devised for flight use.

FLIGHT VEHICIE RESULTS

Flight vehicle tank strain results can be summsrized in two state~
ments. (1) Sophisticated strein geges were successfully employed

to measure tank surface strains. (2) Moment load analysis was
complicated by the presence of the insulstion penels in contact

with the thin tank skin. The discussion of these two statements

can be extended into s career for the strain gsge Engineer. However,
the result would more than likely be a recommendation that a similer
installation would result in a similar data analysis enigma. In
view of the program cost, scme discussion must be recorded to Justify
the opinion stated above and in Appendix G.

The strain gages vere unguestionsbly religble from the standpoints
of operation and accuracy. At no time was there any rework required
on the strain gage bonding or circuit up to the terminal plugs.
Temperature compensation was achieved as shown in the checkout
summary table in Appendix F, columns 10 and 11. Since severe thermal
stresses would be expected from a temperature drop of 500°F, the
difference indicated between columnsg 10 and 11 can he attributed to
tank heaed pressure and thermal stresses due to tanking. Accuracy of
uneasurement is indicated in Appendix F, Page 2. The close agree-
ment between theoretical and wmeasured stresses is gratifying indeed.
However, the values shown are for averages of all gages around the

tank at station 241 and do not revesl the basic problem of moment
meagurement.

t
The moment loads during flight would be reflected in equal and
oppoglite strain changes on opposite sides of the moment axis.
Any "other influences" which result in unequal strain changes
in the moment load calculetion also loock like moments. “Other
influences" were present on AC-6. These were (1) insulation panel
restraint, (2) local effects of the insulation panel contact points,
(3) discontinuities in the tank structure, and (4) unmeasuresble

18
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TEST RESULTS: (Cont'd)

effects of pressure between the insulation panels and the fuel tank
skin. The presence of these influences (which apparently changed
from time to time) precluded the correction of the deta for moment
load deterumingtion.

GHT v C ON

The following is & typed copy of the comments contained in the
flight report (Ref. 7) pertaining to the fuel tank strain gages.

* i

Centaur IH, tenk strain gage data acquired from the AC-6
flight has been converted to stress using the IBM 7094 DCS digital
computer program number 3833. In addition to computing stress, the
program computed bending moments at Station 241 and 397. Bending
moment cslculations are based on a relationship between stress
differences around the tank circumference. A brief review of the
computer results indicatesg that the measured stress was in good
sgreement with theoretical values. Bending moments computed from
the measured stresses exhibited reasonable distribution. However,
the values were excessive. Based on this review, bending moment
data obtalned, cannot be used without modificatlon.

The probable cause for the excessive bending moments were local
gtress discontinuities due to insulation panels and other sources.
The presence of digcontinuities resulted in a variation in stress
around the tank circumference, giving the same indlcation as an
applied bending moment.

Considerable evaluation will be required to account for these
secondary effects before the bending moment can be used. In lieu
of the uncorrected plots of stresses and bending mouwents obtained
from the computer program, the deta from the lndividual strain gage
measurements are presented in Figures 2.10-8 through 2.10-15.
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TEST RESULTS: (Cont'd)

Figures 16 through 21 are reproductions of flight data contained
in the flight report. Although these are only strain traces,
some comments can be made. The flight events are conveniently
noted at the bottom of each page. Figure 22 1is a reproduction
of some strain gege temperatures which were also contained in
the flight report.

The most reliable checkpoint is at BECO, The increase in strain
due to the drop in .acceleration at BEBCO is almogt identicsl for
all six longitudinal geges at station 241 and all four longitudinal
gages at station 397. This shows the strain response to axial load
to be uniform. In spite of the influence of the insulation panels
during the changes in pressure before this time, the strain gages
cen be ggsumed to be indicating strain accurstely. Therefore,
flight stresses as calculated from the strain gages in genersal are
accurate for the local areas under the strain gages.

At panel jJettison, the effects on the various longitudinsl gages
varies. This supports the assumption that panel influences are
present. Hoop strain response also varies slightly.

The abrupt change In strain in gll longltudinal geage traces is
uniform at SECO. The longitudinal gages were also sensitive
enough to show "steps" at nose fairing jettison, maim engine
start, and main engine cutoff. Acceleration increase is accurately
shown on all longitudinal gages from 40O sec. to MBECO with very
little, if any, drift. Measurements CAG25S, CAO2TS, and CA929S
all have a quick negative shift at about 675 seconds right after
correctly indicating a zero accelersbtion point. After several
seconds CAQ31S also drops the same amount and at 715 sec. CA9338
makes the same drop. No explanation ig offered for this drop to
8 new stable level.

Confusion is noted early in the flight from O time to 60 seconds
gince the longitudinal geages show various responses to the large
tank pressure change. Measurement CA943S seems to indicate a

drop from an srtificial zero strain point before engine start to

a more reasongble value sfter engine start shock and the associgted
vibration.

Reasonably good response to ihcreasing acceleration from 100 sec.
to BECO is shown by all longitudinal gages.
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IEST RESULTS: (Cont'd)

The hoop strains show a very uniform drop with the pressure drop at
70 seconds, however, their response to mach 1 conditions at 60
seconds is dependent on their station level. The strain increase
due to pressure increase from time O to 50 seconds is also nearly
uniform for all four hoop geges. This would indicate that the
longitudinal gages were adversely influenced to the greatest extent
by the insulation panels. Unfortunately they were the source of
the bending moment information.

Tempereture effects (strain gage zero shift) are not great up to
175 seconds while the panels are on the vehicle. Immedliately
sfter panel Jettison the tempersture increased until it went out
of range. Maximum temperature correction (160 microinches/inch)
was expected to be made at =350°F. A correction of +2.3 micro-
inches/in. per °F should be used in the range going from -L20°F
to =350°F.

RECOMMENDATTONS :

A. The Baldwin FHB-50~12E strain gege should be considered for
all eryogenic stress measurement tasks where individual strain
gage temperature compensation is required and sufficient space
is avalilable for its installation.

B. Complex strain gage tasks such as this should be funded in the
same wsy with respect to the strain gage engineers task. Tt
should include sufficient budget for date and results evaluation
immediately after program completion as well as continuous res-

ponsibility throughout planning, evaluation, installstion, and
testing.

C. No suggestions for improved load messgurement accuracy can be
made, using the same instellation locations.
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Great impetus to fly strain gages on Centaur was supplied by NASA ;
Iewis (T, Iull). A large psrt of the strain gage work was done by o
the Stress Measurement. Engineers, L. Foglesong, D. Neff and E. Winslow.
The signal conditioning for AC-6 was designed and built by NABA lewis

(F. Maruna) and the General Dynamics Convair design drawings for AC-6
strain gage installation were under the direction of E. Davies.

Computer coordination was handled by F. Dittoe, Convelr Stress Group.

These few men were in turn assisted by meny others in making the
program 8 success.

22



3Lva

A8 03S1A3YH

11vq

A8 OINIIHD

iiva

AG 03UV4IHd |

I9Yd

140434

N

H
! -
M | YOI LRBHTE [P rvr @ AL B v i . NOVY| SFSHr P 498
W ot * S SIRAL | ML T @ CXE 12 PAOF W TA OO 2 “PIVWILFTS FAUIYPS IOND -5 7
M . S FLON
|
& S ) o 0/ | OPC oz« | 5 olats o/ o2 . w o/ oL 0g- | P/~ | Cp~ | 1G4+ | OS14 | 28/~ o0 7 -
SES | OES | OFSs | S25~ &v..n; 0/5-| 08S | O28 | O%S | bb¥ - 80S-| obp-| gr4 | SLE 09 | LEC-| O£~ | Epe~ SL1i 0 ~
840/ | SS0/| Op0/ | Sp0/-| P90/~ 0E0/-| 8SCr | OSO/ | S90/ 2z0/- ' 0f0s-| £10/-| 088 | 0¥8 | 026 | 008~ | 008~ | owa - YEr O ~
g0/ | SaS, | 0aSs | oppr-| casi- | 084r-| er1sr| 0as: | 025, | Sipi- 08/ - |OLki-| s0is| 0tz | opEr | oszi-| S22/~ | S£ 2/ IZHE O —
Cb/& \CE/T | O6/T | E9/2- w\ v-losiz-| sc1e| oLrz | o8rr | ogit- OkE-|o2/r-| 966/ | 1167 | 08Ls | 998/-| 298/~ | 028/ 20640 ~
053/ | 09Ss | opSs \oss/-| Opss~|0CS/-| Suss | oLSs | sess SES1~ CBS/-| 015/~ | CEF( | O1p1 | 1St/ | OLEI-| 06%/~ | OOH/ - [PPE O~
oz | .ezir | 02/ orw-| d2r-) oot | 2En | Szt | S£1/ m.ma\:, 00/~ Scor-| opos | OZor| ©9cr | ote)| Zob- | 8/0/- SIpY O —
S$09 c/o cog | ELS - \&Q%: IdES - 0/ ore or9 £LS- SHS-| 08¢~ 0gs | 08¢ 0/9 | £€5-| 05~ | 526 2220 —
o8 oL ok 0L~ | CL~ | oL~ | Sg+| OB | 04 58~ 1 0L~ | op- 2g | 09 24/ LS-| 0b- | gu- 2000
ELp- | Sip~| OLp-| €8 | ©5F | 585 OSp-| OSE- | OSE~-| PLlp m 8SH | Obt Fbe~| B/t~ | LLF~ | PEL | SEP cEL S0
ooa/- | OCC/-| 00T/~ oog/ | @bb | O/0/ | Olb~| Olb- |OLb~ | 944 | Bl | OZO/ | 078-| 888~ | €8 -| 588 | 0/b | 098 22z 0
OSp/ = | OSbil OSp/-| OSp/ | Ot/ | OB/ | Lr#/-| OFp/-| 824/ | SHi/ ' szpr | S98/ | oLZ/-| OFES-| OFZ/-| O£/ | OF&/ | BL2/ BEHE O
EC/&-| O2/0~) SEIT-| E€/2 az/z | Selte | €ne-| SHC-| ong-| T ,m OoI1Z° | ZEIZ | Lbbi-| 8%/~ | Sit/~| LELI | 596/ | 804/ #Ebt 0
SoSss-| ooSs-| 0/S/-| 087 | SeL/ | 0/S1 | $1S1-| BOS/-| 028/~ ©0s/ OLt/ | OIS7 | tipi-| B8CF ~ | OSH/~| 10b1 | Sot! | SLE/ OLtrs O
LU/~ | SS90/ | SLO/-| BEGI | K/07 | 090/ bio)-| CLO/~| 880/-| 190/ OSos| TLO/ | SLo-| Obb- | 00u/-| £8&| 885 | §ib SsEE 0
| $58-| 055-| 0995-] 55 | 055 | 09§ | (55~ 055-| £95-| /55 o0sc | 2SS | eos-| 005-| 5/8-1 gr5| Los | o/s L#2/ 0O
oo | oo | oor | ocoo oo | o000 (Yoo ooQ ooo oo 00O | ooC oo0 | Ceo | oo o000 oool ooo CO0CG ©C
PAY | DNy | 5§ iy 94V | DMy | S0 | DAY | pirY | Siox | oy pwy | Sy wAv | 2N | 12| coav | 2nay | 1 NS Lo
or-oNesbs D | oo Nt | o1 on Webs Bikls B tilre. | oron SAONGIE | & ot ate SV
FoECt " F,02¢" — INTL LNTIGNY . NYOUITIIIT
| VT E QTS HUDVS TIPS (YLD oY LOT

SOLLMY PR QEALSY

SOIVIWTNAC "TWHIANID



T
yody = dyy
ST LSV TIveE Cory— UV Y & N3 = 30T
R BT GOl e ey + 29V TV LN LU ANT ) doJ€TFR OL M, T2 WOul a: qod | T 1SN0 TONVID o T
TYLNAK LIRS ) Aoz 0L o2l woul Y8 0u|asN0D doavid iy O ¥
AONVID AL OF A0 GVEL IONISTY N1 HoAVHD Tsad TVl Yhay + Shye= 14 Ao CTHN DL Qs XA ALY 40 HLONT BT e
AONVID doSEVH DL do7s OL LOUPGNR Wis a¥at NI adwud saf  ~ ot = gy doOGEN OL UuSPAXA HALY A0 HIDNMT &1
; 5 T . o ] — - ,
AONVHD do0TEH DL dezs O 1OWrgak @uTw aya T NI HUNVID S et = &1 COTvD fIav auunbvaR) s aMIN §EANIVH AN
Crvkawneaxg) Y1 uod |t 15z00 wbwno s (CSYRH Woud [ OWD) C$aH OSNAS WANLIV[Id LY
«,HW\.,N‘ 8 LA X ww_‘.,H U0 [PLEND D ThANYHD = audy R (7 SVHN WO TV ISHY LNIMATE NTVHILS %Z
$C aF1| 0T 2Zvl 29°b COz L | 98 ZIL | €00°F | @619°0| 2668°0] 00TL 0| <o 0 9RG T | 628°0 | 1520°0 ] 9°¢1 aT | en'0 | 68°C | F0°ZIT |SLPGYD
RE IFT| 6 GFT| 19°F Tvc°¢ | c2°611 | <86 5C29°0 ] OLOL 0] 00ee 0| <n0° 0 ZIN°2 | 6o 0 | g0 0 [ 8 ¢l 91 | 62°0 | a8°¢ PE RIT |CoTOVD
i
TLohl| vl ovi] @o'r Ot € | 91°GIL | 066°C | 9€e9°0| 9£0£°0] 00eL 0| ©20 0 G19°T | 628°0 | 182070 | 8- €1 9T | 62°0 | €8°¢ | Z£°811 |[STF6BVD)
99° ¢ 1| FR-R1l] RL-® OTOC | 7L RIL | 992°€ | O%0F 0| 09800 005L°0| co 0| 1210 | 88€°¢ | 809°c| 628°0 | 1280°0 | 0° b 91 99°0 | a8't | 92211 |SOT6V0
Z6°Cr1| eL 8vi] Lfr CTO ¢ [ Fe-ail | FLZ°C | 080t *0 | Or81 0| 00SC 0] @cur0] Gioh | 898°¢ | 209°8 | 6480 | Teeo 0| o b 51 | R& 0 | o8¢ | 967211 | 56560
| .
G ¥hI| SC 6T bbb 9p07e [ 90°GTL | tew e | wzzito| weort [Toogeto| zento| oi070 | Lot | BIOTE | 62870 | 188070 6°F 91 | Ba'n | o8¢ "ELT | SZE06YD
A T BVEEE C16°% | toroTl | Cautt | 9SeLT0 | otlero D Zin'n GVe' e | Lboc| 6RO | 18e0 0| 8 11 0 910 R | 827611 | <coovo |~
SPerbl| @l REI] 2¢° ¥ 92677 | LRI | tHOTC | Rl 0| 9Goet0 0 S0 0 ;70| BSLTC | 009°C| 628°0 | 185170 | B U1 0 G0 | an's | 29°Z11 [SpcevD
/
ZCUTVE | 2begri| CUE b6 T | b6 L] | S09TL | 9LTLTO | 98TLTO0 0 cant 5LT°C | 868°C| 6.8'0 | ITen 0] 8°T 0 grro | ety G ZIL | SLe6vD
29K | G9'0G1| 80°F geLtz | bUTRL WNLE el RGIT 0 0 2070 BCCTE | ©09°Z] 62RO | 1350°0] 6°6 0 92°0 | T8'T | 8L Z11] §1¢6VD
Go tl | ccoist| 001 VBO' ¢ | CC BIL | S0 € | Rbin 0| RIZ0O°O 0 200 NSO L | 600°C] 62R°0 | 1520°0] v°% 0 RU°0 | €8°% | Z0° BI1] S626VD
T
i
SH OVI | IR°0G1| 96°% OP9°Z | €9TLIL | VEETC | OVIOTU | 01EDTO 0 200 WETE | B6CTT| 6.8°0 | Iocot0] 0°2 0 91°0 | NB'¢ | 6b°211| SRC6VD
12°Gh1 | 79°6F1| £6°¢C W9'c [69°Z1I | 8¢ € | Obb0O°0 | OPH0°O 0 20 0 FToC | Z6S°c| PLR°0 | 1ge0°0] 0°2 0 810 | 22°€ | €C°ZIT| SZ26VD
1 #1°6r1 | pzogct] OT°¥ LL9°T |86°LTF | 4P°C | BFL0°0 | 8FLO'O 0 g0 0 oorte | zootz| 680 | tewoto| peg 0 €20 | &8°¢ Z°Z11| SCe6vD
ST i T P LR OB RE e NG ER LA AEE T
@L,v@_: = MO NO) €+Q\ €D+ ODfe) + €D ) *(») | ) * (%) .
oL O T Ol O]l 00 00 CHECHNONECNEONCE oM NON VS
mm:: Amzﬂa ) Aezzo SAHO | SHHO | SR SO SWHO | SWHO wa\fz, S0 SHHO JHO/SHUO [RUO/SWHO|  * 1A Ll SWHO | SHWiO SWHO ‘O ,v%; .
a | TaeluePy Tty PlaeSugl T Yy P Tast Ty "y | v Vi v Quv by Oy Py £ Ty T | csvam
ot o oo 5 S 5 8 5 b8 B (199 A3Y' €7 WHO3
NO LIV TV Hodw ] HOVO NTVALS NNV 0-0F



Point Loms Tests on EID 55-7545 Test Tank

Teat No. 1 Tesgt No. 6 Test No. 9
AP = 7.12 psi AP = 14,21 psi AP = 14.08 psi
8ta. 2h1 L H L H__ L H

48° Outside 9.6 110.1 15.0 108.9 13.2 115.2
Inside 26.4 117.6 19.6 121.7 20.0 120.4
Average 18.0 113.9 17.3 115.3 16.h4 117.8
73° OQutgide 6.6 115.1 4.6 94.9 10.2 116.1
Inside 22.5 126.4 13.6 117.8 12.6 118.3
Average 14.6 - 120.8 1.1 106.4 1.k 117.2
90° Outside 5.6 113.2 12.4 117.8 9.3 118.4
Inside 17.7 133.3 14.3 122.6 11.0 124.0
Aversge 11.7 123.3 13.4 120.2 10.2 121.2
107° Outside 6.8 113.4 10.L4 113.1 11.5 117.4
Inside 23.1 131.0 20.0 116.4 15.9 11hk.1
Average 15.0 122.2 15.2 114.8 13.7 115.8
135° Outside 15.3 106.4 23.54 112.2 18.1 113.9
Inside 25.9 127.6 21.9 119.2 20.0 117.3
Average 20.6 117.0 22.7 115.7 19.1 115.6
205° OQutside 2.4 111.9 22.0 113.5 16.3 113.9
Inside 21.5 131.6 20.1 122.1 18.1 121.7
Average 17.0 121.8 21.1 117.8 17.2 117.8
270° Outside 13.3 64.5 20.5 115.7 15.1 118.0
Inside 19.3 132.0 20.0 118.9 16.3 121.2
Average 16.3 - 20.3 117.2 15.7 119.6
315° Outside k4.7 116.5 18.0 112.6 17.9 121.9
Inside 1k.2 125.2 18.1 120.6 15.5 T4.3

Aversge 1k.5 120.9 18.1 116.6 16.7 -

Sta. 397

hse Outside 7.9 123.9 6.6 123.0 7.6 108.7
125° Outside 8.3 120.6 = 20.6 117.0 12.6 166.0
225° Outside 8.9 122.0 8.2 113.5 12.1 119.2
270° Qutside 20.6 117.0 17.7 118.4 17.4 112.1
305° Outside 8.2 120.9 k.5 121.4 3.9 113.9
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Fig 6 GAGE FA
CTOR FIXTURE & CRYOSTAT FOR USE WITH LIQUID HYDROGEN
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GENERAL DYIMMICS/ASTROIMUTICS  © . o . .
ML~563-1-65-50 ‘ ‘ S P .

701 . D. Davies, Dept. 963k

FROM: o Applicd Mechanics Sec%ion; eteridls Test
S Labovatory, Dept, 303~1 B
SURJECT : Propaen Objectives and Prelindnary ‘Flanding fov
¥

AC-0 Plight Strain Gage Bveluntion
MELOM i

The progrom outlined below is planned to provide the essentisl bagic strain
goge ond material property indormation to interpret AC~5 ilight data.

The progrom resulbte will supplesent available data (NASA, GD/A and publiched
literature) and not duplicate them, since objectives are specific for one
material and one strafin gage installolion., Lxperience will be pgained wiich
will be applicable to future vprograns, houcver, o :

JFlight ‘straln pgoges ave intended to satisly ohe following objectives:

1. leosure bending and thrust log

2. icosure hoop stress in the s 9

3. Denonstrete the capability Dor obiaining strain measurement foom
Flight vehicles, ’ ‘ ‘

3 3. £ 3, V.. S e b Y
d in the fvel tank ckin ot two stotions.

Success in sabisfying the oblectives depends on the following things os well -
as close coopéeration of the many devartments lnvolved and monitoring by

3 )

Dept, 503-1 steain gape people throuch the writing of the final report.
b [ X &

1. Strain gase insvallation reliability.
2. Careful handling of strain goge adens.
3. Cavelul checkou® of electrical system to avoid high voltage across
the goge. - ‘ » - ‘ ‘
L., Particular attention to calibrabion procedurce to set reolistic seale
factors for data reduction. ‘ :
Dueeess in satisfying objectives 1 and 2 will depend on cevbain ewperiwental
values which will result from the laboratory program and on several other flipght
aeasurenents, ; . \ : e

~If the elastic constants L1, Es, uy, and a4 ave determined ror the materisl in

needed and an estimote of errors. Local stress conditions must be elimirnated
where possible‘(insulation panel snacer pads) or carefully evaluated.

A
=

guestions, stress.can be calculated.: See the Aprendix for other measurements
e

Success in satisfying objective 2 will depend on experimeniel valves for the

at £s

strain gages and published values for the material properties. No station 412
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Proprom

N % -
svrnin Jage ahrornsgion
Lons will ve nece ama*j Bl

- u{)Cu nll.l Jibﬂj‘s oy \Ix e (},i:."v
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15 April 196k F
. Y

%2 ) Jds A Kughe 8, D@P‘b . 963‘1

FROM: Applied Mechanics Section;

Materials Test Lab, Dept. 563-1
SUBJECT:  Strain Gege Program T.D. 106

The following information was mues«bed by you 9 April 1964 to support design
release, It represents our current opinion which will be substantiated by
further evaluation work as funded by WAP K201038 (pending revision to increase
‘Dept. 756 hours). ‘

‘Strain (Gage Selection and Procedure:

For all tenk strain geges use Baldwin FNB-50-12E type with Budd Co, GA~5 cement.
Use Budd Co. No. 3 strain gage terminals and GA-5 for cement and waterproofing.
Install per engineering direction (Ref. Procedure Noi ML-563-1-6k-43) which will
inclufie all required checkout and measurements and recordings of the strain gages
end harness to the first plug in the gystem.

For the four seal plate locations at station 412 use Budd Co. C12-121-R2B rosettes,
No. 3 terminals and GA~5 for cement and waterproofing. Install per engineering
direction {Ref. Procedure No. ML-563-1~6lL-L}) as sbove.

A Program Objectives Memo will be prepered as soon as possible to clearly show our
planned activity on this task. Items for our early action are:

1. WAP revision to Dept. 756 line 13 to increase hours to cover R&D work
(total 1000 hrs).

2, Circult constant determination for Le RC design of signal conditioning
equipment.

3. Procurement of FNB-~50-12E geges for evaluation work and early tank
installation if production procuremen’c is atalled.

Prepared by: /(?_g@ma ‘
D. J. 8, 8r, Teat Lab Engr.

Approved by: *
W. M. Gross, Test Lab Group Engr.
ec: F. Dittoe 591-~1
P. Bunch 966=k40
E. Davies 963-40

W. Sutherland 966-40
C. Spurlin NASA
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DATE 22 June 1965
TO E H. Davies, Centaur Instrumentation, Dept. 963~h
FROM '«, StresavMaasurements - Electrical Test Laboratory, Dept. 578-h‘

SUBJECT Strain Gage Progran TD-lZé Results of Materials Prcperties Tests
- and FNB-50-12E Strain Gage Evaluation S

REFERENCE  (A) Witzell, W. E., "m~6h~o:28, Poissons Ratio and Modulus of
_Elasticity for 301 XFH Strainless Steel at T0°F, =320°F,
and -423°F" dated 13 August 196k.

(B) Mewmo 578-4M~65-72, Subject: Evalustion of Characteristics

of Type FHB-50~12F Strain Gages Bonded to 301 CRES at
Temperatures between 75° and ~U23°F.

ENCLOSURE (1) C9=121-K2B Strain Gage % Chenge of Gage Factor vs. Tempereture
(2) Hodulus of Elasticity and Poissons Retio 301 XFH Stainless Steel
‘(3) FNB-S0-17E Strain Gage % Change of Gage Factor vs. Tempéxéture

(L) Typical Thermsl Output vs. Temperature

INTRODUCTION: .

This wmemorandun gives the results of the peripheral tests. All of such tegts
arc nov completed. The information contamined is also required. for the computer
progran to be used for the flight stress, moment and load calculstions which
are determined frowm the telemetered straln data.

MATERTAL PROPERTIES: '

Objectivesg: .

To obtain the modulus of'elasticity and Polssons ratio of 301 XFH stainless
- steel at room temperature, -320°F, and -L23°F in both the longltudinal end
. transverse grain directions. ’ -

Material:
Test specimens were fabricated from 30 XFH stainless steel, thickness 0.01k

in., heat 71582, and coil 1741-AZ. This material is the same material used
in the AC-6 tank to which the strain gages are bonded.
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578 -k-M-65-82
22 July 1965
Page 2

Material: (Contd)

The test specimens were standard 1/2 in. wide tensile coupons 11 in. long. Four
each of the longitudinal and transverse grain orientstions were manufactured.

Lnatgymentation:

Specimens were instrumented with C9~121~RZB strain gages bonded to the material
with 6A-5 cement. The gages were placed opposite to one enother on each side
of a specimen. Gages were wired through a switch box that permitted individual
readout of the longitudinal and transverse gages on the specimen. The gages
were wired into a full bridge of two resistors and two active gages which
averaged out bending. All gages were of the same gage factor and lot number

80 that the only correction necessary for reading was a temperature correction
for gage factor.

Procedure:

1. The specluens were placed inside a cryostst and fitted to end clevises of
a Tinius Olsen testing mschine.

2. PFor cryogenic tests, cryogenic fluid was admitted to the cryostat: 1Ny and
LH> were used to cttain temperatures of ~320°F and -423°F, respectively.

3. loads were applied in 100-1b. increments to 600 1bs. Strains were recorded
for each losd increment.

Difficulty was encountered in running specimens at LH» tempereture. Tests for
this temperature were run three times to verify data. The difficulty was
apparently gage heating which produced small bubbles over the surface of the
gage and this in turn created turbulence which gave unstable readings. This
particulasr area should be further investigated and ig a problem area for future
testing. y ¢

Gage Factor Variation with Temperature:

. Tests were condueted using & NASA beam fixture to determine the gage factor
changes of the C9-121-R2B gage with taﬂperatdre. The results of these tests

are shown in Enclosure (1). :

The correction 1s applfed as follows:

Actual Strain - G.F. at room temperature ! ¥ indicated strain
G.F. set x correction factor

This correction was used in the calculetion of the modulus of elasticity but
was not required for Pcssions ratio. Transverse sensitivity was not corrected
as it amounted to less than 1%. 4
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Re sults:

The results ave given in Enclosure (2).

The average values based on four specimens each in the longitudinal and tianaverse
grain directions are: ‘

Temperature Grain Direction Modulus PST
Anblent - Longitudinal 26.4 x 106 -, 272
Trangverse 30.0 % 106 -. 312
=320°F Longitudinal 30.1 x 106 =280
Transverse 33.9 x,106 ~.313
~423°F Longitudingl 30.2 x 100 .. 298
Transverse 33.3 x 106 -, 26

The theory for sn anisotropic materisl shows that the relationsghip between
Poisgson's ratio and the Modulus of Elasticity is a constant or

BT s BT
The above ratio's are compared below based on the average values.

Room temperature LI 0T pp, = +08C
T T

=320°F . a 395 = 888

~423°F = .91k = 907

The meximum varietion is approximately 1% which is in good egreement with the
theory.

FNB-50-12E STRAIN GAGE EVALUATION:
Gage Factor Varietion with Temperature:

Tests were conducted using e NASA bean fixture to determine the gage factor
changes with temperature. The results of these tesgts are given in Enclosure

(3).

&1
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FNB-50-12E STRAIN GAGE EVALUATION: (Contd)

Installsetion Chéck:

Four tensile_ coupons were mounted on the AC-6 tank adjacent to the areas where
gages were velng installed on the tank. FNB~50-1ZE gages werc installed on the
coupons at the same time and wnder the same conditions ass the gages installed
on the tanx.

The coupons were tnen lmmersad in LHp and tensile loaded antil 5500 micro in./in.
strain was messured with the SR-4 Straln Indicetor. The strain gages were then
observed for unbonding and cracking. Rone was Tound. Therefcre, the tank strain
gage installation is considered to be good for ~423°F strain measuruments.

Trermal Straln Due to Temperature:

Tests cn the FNB-S5C-L'E gage were conducted by D. K. Helf, 573-4, to determine
the strain unbtalance due Lo tenperature. The geges used were of the same lot
number and gage factor as thoge used on the Centsur tank. The work done is
reported in Reference {B). Enclosure (L) shows the results of Reference (B).

hl - t]
- /f )t} ef“ ‘J?: -
PREPARED IV __ o ey o e 23
(2. K. Winsiow

CHECKED BY o 2,%«‘4 YN ERY

APPROVED BY 6777l:;;zzf;f§:a:ffigm\

R. lo pa.LL(/
Test Lav Group Buglncer
Electrical Test Laboratory

Districution:

K. Le Vxﬁ*.t ‘:}6_;"'(; (3}
F. Dittoe 557-i (2)
J. Rughes 726,-1 ()

-
£
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SPECIMEN

NO.

L-1

L=z

T=2

T-3

-l

MODULUS QF

TEMPERATURE

Ambient
=320°F
L2 3oF

Ambient
~120°F
~L23°F

Amblent
-320°F

-4z 3°F

Ambient
- 320°F

-k23°F

Ambient
«320°F
=-Lp3°F

Awbient
«320°F
-k 3op

Ambient
-320°F
~L23°F

Apbient
~32C°F
-L23°F

GRAIN DIRECTION
Longitudinal

L]

o
@?O\
OO
- -

3

]

O C O
E

[ FVIR\V]
[AVR U Ui OO £ O

Y,
[

(AR
O
® xR

°

o O
OO

-

XM X

L)
~
£,

@

O

Transverse

EAR

L]

Laz A
w

&

@

P

°

Wi LAl
w =0 [ SRS
R KX

£y
Y
=

®

Las Qg

L (o)
)

-

»

@ O®® OO

CAa a N
L RWERY S
L S

L]

POISSON'S RATIO

301 XPH Stainless, 0.0l4 in. Thick,
Heat 7.583, and Coil 17hl-A2

MODULUS

106 psi
lO6 psi
10Y psi

106 psi
106 psi
106 psi

100 psi
106 psi
10V psi

106 psi
106 psi
10° psi

106 psi
106 psi
106 psi

100 psi
106 psi
106 psi

106 psi
106 psi
106 psi

100 psi
106 psi
100 psi

POISSON'S RATIO

=272
-.283
=297

=273
=.2T3
=295

=271
-.283
~.291

-.272
=279
-.307

-.316
-.315
~.334

~.312

©~.320

o Te332

-, 302

-.313
- 315

~.308
-.303
-.322
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APFENDIX D

Evaluation of Characteristics of Type FNB-50~12E Strain Gages
Bonded to 301 CHBS at Temperatures Between T5°F and ~L423°F

Pages 68-86
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DATE + 3 June 1965 : .
0 E.H, Davies, 963~k | : |
yﬂﬂﬁ “’. : Streas %baauremeuts Group, Electrlcal Test Laboratory, 578“h

SUBJECT  Evalustion of Characterlstics of Type FNB-50-12E Strain Gages Bonded to
: 301 CRES at Temperatures between 75°F and ~423°F :

(A) Seles Order No. 333-1~146 against Contract Ho. NAS 3-3232
(B) WAP KB&OIO38, Btrain Gege ?rbgr&m:TD 126 )

This memo is intended to cutline the test procedures and present the results of tests |
performed on strain gages in support of the AC-6 flight tank strain gege progrouw, :
TP 126, WO 700-1420~171, WAP K20284802. The contents of this memo will be included
in fcxmal report Ho. ssc-hosa.

¥

Four types of evaluations were wmade. Three were concerned directly with the charsc~
teristics of the type FHB-50-12F strain gege on 301 CRES. The fourth test was

- performed to determine the resistance change of stranded copper lead wire with
temperature, The tests on the strain gages were:

1. -Determination of the circuit ballast resistor, Rp, that produces zero bridge
output at ~h239? referenced to 72°F.

2. Change of straln grid resistance, AR~, snd platinum sensor resistance, :&Rr,
 with & change in tewpersture from 7? o ~h23°F.

3. ‘a:*&mmai output of the gage over the t&:\,perature spectrum from T5°F to -k23°F.
'Wha experimental results provided the Gataj}a be used in caleulating ball&st reasistor .,f

values of the "flight" gages and curves for' correction of the "flight" data for
'nt@mp&raturea 0ﬁh&r then *&23“?. ‘

'Tha valué of the %ﬁl}&ﬂt r@aintmr, Ry, to aﬁ%ure & balanced’ bridge eircuit must
»~aatiafy the following equation:

MW
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DUCTION: (Contd)

VWhere the symbols are defined by the schematic

-~ 1 ,
R; 7 v %
| Br J A A %
ﬂ"‘f’"‘ - Ryr Rp
STRAIN GAGE — | o e

And the deltas, A, represent n suell change in the respective elements due o
thernal changes.

Solving for Rp and considering the normal case where Ryp = Bpg we get

Rp =(ARr + ARpr) (R + Ryp) = ,
L .AR}T-P ARy (Rp + SLT)

The above formula was the basis for the tests to deterwine ARy and ARG for
the typical strain gages and the effect of tempersture changes on lead wire.

TEST SPEM :

The strain gage test specimens were four B~L-H type FNB~50-12ZE strain gages, lot
Ho. 64/7N, mounted on 301 CRES, 1/2 hard.material. The gages were mounted with
G.A 5 cement in sccordande with Procedure Memo ML~563-1=Ch-lih, Rev. B. The stress
measurements Strain Gage Instellation Request was No. S=<1498, ‘The 301 CRES was in
the form of & 9=inch long tensile couponC.020 inches thick. Two tensile coupons
were taped bsck to+back go that the gages faced outward. The g,%e identification
wag T=h, T"S -8 and T-10.

The main purpose for determining the value of the ballast resistor, Rg, for each .
of the four test gages wes to glve an experimental wvalue to be used in the theymal
output test. The second use for the experimental Rg vas to verify values of Rp
calculated from experimental neasurements of ARy and A Rp.

;natmanﬁati% and Eguipment:

Liquid hydrogen cryostat for 3p@cimena.
Iiquid hydrogen.
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Inshrumentation and Equipment: (Contd)

Four strain gage specimens,

Eight Genersl Radioc decade resistance type 1432K and 1L32H.
B~L~H, Model 525A switch and balance unit.

Two B-L-H straln indicators.

A typical schemstic of the strain gage instrumentation layout is presented in

Attachuent 1. (The thermocouples and assoclated instrumentation were not used
in this test.)

TEST PROCEDURE:

The.follvwing procedure of tesgting was folloved for each cirguit:

1. Strain Indicator gage factor setting at 2.00.

2. Specimens supported by lead wires in cryostat and at room teanperature.

3. Set Rp (decade resistance) at low value of predetermined range of 10 ohms.
(These values were based on previous testing of tre gages.)

L. Set the balance of the switch and balance unit at avout center, adjust Ry
(decade resistor) ugtil instrument zero of the strain indicator is chserved.
Final adjustment mey be uvade by the balance control,

5. Resebt Rp to 5 ohms grester then the in%tial setting, adjust Ry agein to affect
a near instrument zero. Record the value of Ry and the strain indicator resding.

6. Reset RB to 10 ohms greater then the initial setting, sdjust Ry again to affect
& near instrument zerc. Record the value of Ry and the strain indicator resding.

T« Fill the cryostot until the strain gage is covered witn LHz.

8. set Ry and Ry in peirs as noted in Stepa 4, 5, and € stove. Record the strain
indication for esch case, .

9. Dump LHp.

10, Allow the specimen to warm up to room tempersture and record the strains agsin
for each Rp and Ry setting of Steps 4, 5, and 6.

Test Dats Reduction: y

The strains plotted against Rp (Attachment 2) are the difference of strains recorded
at room tempersture and at ~h423°F for the respective Rp. The Rp value on the chart

corresponding to no shift of the curve represents the value of the ballast resistor

to be used in the circuitry for development of the thermal output vs. temperature

curves. . ‘
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EXPERTMENTAL DETERMINATION OF ARp AND ARg:

AFp snd AFp are defined as the change in resistance of a platinum sensor and the
active strain elerent respectively, as the tempersture of the gage is changed frow

" room temperature to another constant temperature (=L23°F in this case). The typical
value of ARp and AR; obtained for the four test gages were used in ealculating the
value of the ballast xesistors for the tank gages,

Instrumentation and Eculpment:

Iiguid hydrogen e¢ryostat for specimens.
Liguid hydrogen.

Four strain gege specimens.

Pive place digital chmmeter.

TEST PROCEDURE:

1. Support the specimens by lead wires in the cryostat at rocm temperature.

2. HMeasure the resistance of the platinum senscr, the strair grid, and both grids
in series. ’

3. Flow LH, into the cryocstet until specimens are submerged.

. Measure the resistances as in Step 2 avove.

7. Dump IH.

6. VWhen specimens have ageln reached roém temperature, repeat Step 2 above.

Test Datas Reduction:

The AR of the sensor and strain grid is the respective arithmetic differences of
the resigtance measured at room teumperature and at the cryogenic temperature. A

-congbant for the caleulation of Rp is the ratio of‘%@ avereaged for the four test

gages, vhere R is the room teuperature resistance of the element corresponding to
the test velue of AR.

The ratios are presented in Attachment 3. Corrections were made in the calculetions
- Tor lead wire errors snd normalizing the initlal temperature from 67°F to T2°F.

The thermal output is the indicated output {or strain) of the strain gege resulting
from inherent changes in the grid materisl and expansion or contracting of the
material on which the gage is bonded (unrestreined) caused by tempsrsture changes.
This evaluation was done for temperaturee from 75°F to ~L23°F in three parts. Phase

I covered the temperature range from 75°F to -314°PF; Phase II was a single subpergence
of the speeimens in Lip (-320°F), and the third phase included the range from -340°F
to ~hk23°F. The composite plot of thermal output ve. tempersture provides correction
date for test strains measured at any tempersture within the plotted range.
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Instrumentation and Equipment: “

75°F to <314°F Range Teat =

Bnvironmental chamber (Missimers Corp. Model FI2-3002C =~ 1COOH»).
Liguid nitrogen (100 ltr.).

Four strain gage specimens.

Two copper constanten thermocouples.

Potentiometer pyrometer (Thermo-Electric Co. "Mini-Hite,” Model 50:200).
Strip chart recorder, 6 miilivolts, 10~inch chart.

Constant d.c. voliage souree;, C to 10 millivolts, 10 steps.

Two strain indicators, B~L~H, type H.

Switch and balance unit, B-L-H, type 525A.

Eight General Radio decade resistances, types 1L22K and 1&32N.

A schemetic of the instrumentation I3 found on Attachment 1 (The "Mini-Mite"
replaced the 1 mv recorder used on thermocouple 1).
. F
¥

Submergence Test in LHEs (=30C°F) -

Four test specimens.

Pive liter dewar.

TLiguid nitrogen.

Two~strain indlicators.

Four Genexal Radio decade registances.

~3L0°F to ~423°F Range T@st - N

Liguid hydrogen ciyostat for speciwens@
Liquid hydrogen.

Gaseous helium. .

Five liter dewar for L., °

Ligquid nitrogen, 5 liters.

ALl cther equipment was the same as used for the 75°F to =31k°F range test except
a second recorder was used in place of ? e "Mini-Mite" end a constent d.c. voltaze

gource of 0 to 1 millivelt (10 steps) rEplaced the O to 10 millivelt source. 'The
recorders vere set for 1 millivelt full scale.

TEST PROCEDURE:
15°F to ~%31L°F Range Test:

Tempervrature control on this teot wag accomplished with the manual temperature
selector and automatic control system. The temperature of the specimens vas
monitored by use of the two (specimen mounted) thermccouples. A orief step
by step procedure of the test sequence follcows: :
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I5°F to =314°F Range Test: (Contd)

1. Strain indicator gage factor setiing at 2.00.

2. Specimens supported by lead wires in chamber.

3. 8et Rp to the value ascertained in the “Determination of Ballast Resistor” test.

4., Set the balance of the switch and balance unit at about the center position,
adjust R, (decade résistor) until & null balance strain is indicated. Final
adauﬂtmﬁnt may be made with the balance knob of the switching unit.

5. Set controller of the cheanber teunperature to 50°F.

6. Observe when thermscbuples mounted on specimens indicate 50°F.

7. Record thermal output of gages (8train).

8. 8et controller of chamber temperature for 50°F increments of decreasing
temperature and complete the corresponding operations as cutlined in Steps
6 and 7.

9. After minimum temperature dats is recgrded, increage the temperature in S0°F
steps, recording thermal output at each level,

10. Repeat Steps 5 through 9.

Submergence in 1No: ¢

o

This test was conducted by individually conneéting each specimen to & strain

indicator along with the decede resistance units for Rp and Ry to complete the
" eircuit (two gages tested simultaneously).

1. 8train indicatoyr setting at 2.00.

2. Specimen supported by leads at room temperature.

3. Set Ry to the value-ascertained in the "Determination of Ballast Resistor” test,

k. Adjust Ry, until e null balance nearest to 11,000 micro-inches per inch is noted

on the strain indicator (type N). (Record the reading.)

'S, Slowly lower the specimens into 1&@ until the ligquid is about l/h inch over the

. 8age grids. \ »

f. Record the reading on strein indicator.
T+ Remove specimen from ILHo. )
8. ‘Record null strain after specimen has warmed up to room temperature.
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-340°F to -L23°F Range Test:

The tewperature was controlled in a cryostat, contelning the specimens, by regul“‘
ating the liquid hydrogen flow and the helium purge. The thermocouples were
referenced to the liquid nitrogen temperastures to supress the output bamd to
about 0.75 millivolts for the temperature range of -320°F to ~423°F.

The test procedure was as follows:

1. Set up the recorders by adjusting to 1 wmillivolt full scele by use of the
constant voltage source.

2. Suspend the specimens in the cryostat by their lead wires.
3
3. 8et the strain indicstor gage factor at 2.00.

L. BSet the Ry to the value ascertained in the "Determination of Ballast Resistor”
test. ’ '

5. . AdJust Ry and the switch and balance unit until & null (instrument zero) is
noted on the strain indicator.

6. By adjustment of hydrogen flow obtain a tempersture of about =340°F. (The
flow was regulated by observing the target tempersture on one strip chart
recorder. ) :

7. Record the strain indicator readings while holding the temperature constant.

8. Decrease the specimen tempersture in 10 or 0 degree steps to -b23°F. Record
temperature and strain at each step.

9. Incresse the specimen temperature in 10 or 20 degree mteps to about =340°F,
Record strsin and temperature at cach step.

10. Allow specimens to warm to room temperature and record strain indleations.
Data Reduction: '
The thermal output (strain) was plotted against témperature for each strain gage

and the respective test. Attachments 4 through 8 illustrate these plots. A
composite of the three thermal output tests is presented in Attachment 9.

EFFECT ON LFPAD WIRE:

The output of the circuit used with the temperature compensating FNB-50-12E strain
gage is affected by température changes in the lead wires. This effect can lead
to false strain reedings and incorrect cslculations of the tallast resistor (Rp)

" if leads are not considered. Tests were made to evaluate the change in reslistance
of wive with tempersture,
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& series of tegts ware yun et different times on variocus lead wires. These
included the submerging of known lengths of wire in cryogenic fluids and slso
controlled temperature testing.

The test procedure consisted of measuring the resistence of s known length of
vire at room temperature with a digital ohmmeter. Then, when the length of
vire was subjected to another'temperature, recording the temperature and the
measured resistance.

A long length of wire was most desirsble Yo assure the best sccuracy {100 feet
¥as the greatest length tested). The best date resulted from tests where the
total length of test wire experienced the temperature change, rather than
kaving part of the wire out of the environment and subject to varistle Lesgper-
atures due to heat conduction.

The final date was plotted in the non~dimengionel form of ohms per ohams sgainst
temperature (Attachment 10). , K

There was some discrepancy m the Ry caleulated bj the ARy, A Ry method as
compared to the values plotted in Attachment 2.  The comparison is tabulsted below
below. ‘

BALLAST RESISTOR, Rp OEMS

SZQZ? fﬁiﬁf ?;;g | §t2£§n§ 2 Discrepancy
Tl 147.2 145.1 + 2.1
-6 1hk.5 1h41.2 + 3.3
-8 145.2 2.9 .23
T»10 143.6 141.6 + 2.0

2

It should be noted that the digerepancies are of the same magnitude and direction
with the excepbion of gage T-6. A faulty decede resistance unit for Ry on gege
T-6 caused testing probleums. ’

ol
55
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DISCUSSION OF TEST RESULTS: (Contd)

The results of the thermal output curves were good in general. Data from the two
rung shows good repeatability during the chilling part of the cycle. The roburn
to room temperature cycle demonstrated 40 micre-inches/inch or more of thermal -
hystereeis at 75°F on three gages. In contrast it should be noted that zerc shift
wag realized on at least one gege, T-10.

PHEPARED BY GF A -i?xﬁfﬁ

D. K. Hefs$ ’

Yoy -
/ {Q ’ - 2 )
CHECKED BY J /) N P iy auier” T 7 4-%%

pl’'J. Ferris

N -
APPROVED BY %/@cé;izxdk\

R. E. Beiley
Test Lab Group Engineer
Electrical Test Laboratory
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APPENDIX E
Procedure for Installation of a Baldwin FHB-15-12E Foil

Strain Gage on CRES for Use at Cryogenic Temperatures

Pages 88-93
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APPENDIX F
Straln Gage Status Summary for AC-6, Prior to Launch

Pages 95-101
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"“s7a~w-55~9a

DATE:
. Streas wﬁaauramanta, Electrica& Teab L&boratory, 578-%
r a;;stra¢n @age Statua summaxy for AC*é Prior to L&unch

iVHQ‘EEEEREQCE;f;(A) Memn 578'h“M“65*33, 23 March 1965, (Stazus)
S (B) Mewo STB-UM65T5 9 June 1965 * (checkout)
.(c) ,uem 578~h~1~4-65-80 16 July 3_955 (Panel mads)*

The Stress Mﬁasurements Section has been directly 1nvolvad in. all strain gage =
installations on AC-6. Preflight check-out activity was summarized in Reference
~ {B). Some of the check-out work is specifically covered by WAP authority and @ =
- some work is in the form of helpful sssistence where requested. . This memo will
diacusa the following strain gage 1natallation tasks, - -

X, Centaur ?ual Tank Strain Gagea

II. ' Insulation Panel Strain Gages -

IIX. Interstag& Aﬁapt@r'Strain Gages

Iv. . Surveyor Payload latch Clevis Strain Gagea

. . ¥. Payload Adapter Strain Gages

yr Nose Fumng Split Line Lateh Lug Smnn GCages

All gagea vwre opersting properly without revork. The tank atrain data

 fyom three aeparatu pressure conditions and tanking were examined. The
first pressure test wes run before insulation penels were installed.
‘Date from this test indicated thet chamnels CAQ27S and CA920S were

. identified incorrectly so that hpnp'strain vas less than longitudinal
_strain at this location. This was corrected before guad tenking. The

o gecond pr@asure test was run sfter insulation panels were installed
‘and ‘at ambient temperature. The panel effect was not uniform in all

' channels but was-not large enough to alter the ﬁata reductipn methmds
-»V%ich hava be&n set up. : : ; S ‘ i

“»‘A.nmgﬁﬁiva shift of 8% IBW occurred on all channels (except CA933S) i
‘between the initial zero adjust 12 July and the time that the telemetry
was recorded at T-81 on 13 July. Later examinstion (15 July) of .
the NASA signal c@n&itioning box nhawmd that & negative zero shift
eurred whan the cover was replaced. and the interior packege temperature = .
zto riae* ﬁASA was nctiflad and action was initia%ed to ramedy[ g




‘prcblem, On 8 Augu% resigtors with a mgmr wat"bag@ rat:s.ng wem d
‘installed in the strain gage signal conditioning box. ‘Preliminary

- checks 1ndicatad that a more steble operation had be&n achieved. Th&
strain channels will be adjusted.to 2-5% for the AC-6 launch with the
hoye that no nagamive shift will aevelop due to szgnal caﬁ&itionlng.

Ko atrain channels went further negative due to tanking wiﬁh liqnid ‘
hydrogen. Two channels did not change. All other channels moved in
the positive direction from 4 to 27%, due to thermel stresses. This -
is aiiilar to raaults from ‘the Point Loma testing of t@@t tank Em

55“75 5 ‘ : S

Tha yressure cycle during qnad tanklng with liguid hydrogen in the tank
- showed" gtrain values which were less than smbient temperature results
as expected. Channel CA9L3S showed no change due to pressure increage
at -420°F. This is unfortunate, The average results for streaa de~
texminations using the aomputer Pragram were as follows: :

J

Qggﬁarison of ggeoret al_god CO@puth Stressag

from ngg zgggggg Data - Tank Skin\
| @...wmeorétical | W&L
" Hoop stress 22,150 psi 22,528 pst
qupgitudin&l stréss’- 11,075 psi 11 016 psi

ST . ]

cow@uter progxam includeﬂ ‘all correctiona. Calculations aye based -
~on & 5,16 psi change in tank pressure at 11qnid hydrogen temper= -

" sture. Data is mn average of all strain geges at Station 2Ly

(F‘ ‘mttoe, Dept. 587 3)

#
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II.

;g sulation Panel Strsin Gages (Panel Load)

All gages operated properly with no rework and the penel loads have been
calculated and reported in Reference (C). Initisl readings at ETR before
penel installation were the same as those taken at Plant T1l. Strain
readings after panel installation indicated lcads as shown in the table

‘below. A pressure tegt st amblent indiceted that gages were all operating

and additional lcad due to pressurizing the tank are shown in the table.
Readings were made at T-0 conditions. Temperatures are shown in the
table below. Readings were also taken during a pressure cycle of the
tanked vehicle. The load at 8.4 psig tanked is shown in the table also.
After detenking and warmup, the straln readings returned to nesr zero,
indicating proper operation of the strain gage system. Detailed results
will be published in GD/C Report HNo. 55C-L130C.

CENTAUR AC~6_INSULATIO S _AB [PERATURES
K & Sta. 280 dta, 348
Test Conditlon , 1bs./in. 1bs./in.
Stretch fixture (75 1b/in applied), 51.5 48.6
Load induced by installation on vehic]e 53 36
(LH> tank pressure 5.0 psig).
Pressure increased in tank to 8.4 psig, 59 L8
ambient temperature.
Tanked (tank pressure 5.6 psig, inlet 82 71
purge pressure G.13 psi).
Pressure increased to 12.7 psig with LB 39 95
Temperatures
Anbient before tanking (T-210)
Inside of tunnel 90°F 9O °F
Outside of tunnel £5°F 35°F
Tanked and stebilized (T-0)
Inside of turnel ~260°F =245 °F
OQutside of tunnel +30°F +50°F
] ¢ Pregsure Effect
Ambient purge pressure effect for 35.0 1b/in/psi 37.4% 1b/in/psi
1 psi differential at inlet
Cold purge pressure effect for 37.0 1b/in/psi 38.5 1b/in/psi

-1 pasi differentisl at inlet

"ROTE:
Purge pressure is resding from CFLOLTP which {s differential pressure between

purge inlet and engine compartment pressure.

.0

s
53
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IIXI. Interstage Adapter Strailn Gones

A1l pmages were operabing properly with no rework except one. Qulck-look
data after tenking indicated three longeron DC gages were changing the -
expected amount but in the wrong direction. This was determined io Ye
a problem In date playteck. The stroaln change due to tanking is ahown
below. The temperature change was about l0°F. Nolse was greater than
expected on this deta also. The rauge 135 about twice es large as it
should be. Expected values based on Centaur Stress Group calculations
are shown {based on 8 range of -LOCO to +100C). Channel AAJ2ES i3
questionable since no change due to tanking was noted.

Telemetry IBW Readine in Percent

Test Condition AA9ROS | ARG2TS | AAGR0S | AA92GS | Expected
Before tarking T-81 77 80 78 81 80
100% LOX 100% L, T-C 77 77 75 70 76

IV. Surveyor Pavlioad latch Clevis Strain Ceges

All gages operated properly without rework. Preload values are shown
below. No problems were encountered with the pretengion operation.
Strain gage bridge output was read using SR-4 Strain Indicator S/N
9006G6H. The clevis nut torque was increased to give a bolt load of
S000 1bs. and then reduced Lo give a bolt load of 2300 lbs.

2CH_CLEVIS CHECK-OUT SUMMARY

Measurement | P1t. 71 Zero ] ETR Zerc ETR Output Load

N, No. Jept. 'Gh Aug. '65 | Preloaded | Change  (1bg)
631 | calkss 1420 14630 16298 1018 2280
34 | CcALbSS 12905 12785 14392 1607 2300
£33 | CALLGS 130h0 12921 14482 1561 2300

w0
L)
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v. Payload Adapter Strain Geges

Al]l gages operaved properly without rework. The check-out readings on
the bridge output chsnges between (1) payload off, and (2) payload on
and nc latch torque. The difference in readings were larger then
previous celibration readings. The readings did verify proper signel
response to load as connected to SR-4 indicator, S/N 90066€. The
calibration readings refer to a load calibration performed at Pli. 71

in September 1964, This calibration was made with the paylosd adapter
bolted to & short section of cylinderical adepiter which in turn was
bolted to & large steel plate. The payloasd was secured to the adapter

by torquing the payloed latehes to the proper valuegs. The calibtrestion
loads were then epplied. The calibretion oulput was measured for the
change from 2100 lbs. to 7100 1lbs. (with the paylosd latch tension
pregent) using SR~k Strain Indicator, S/N 392010. The check~out output
was measured for the change from O lbs. to 2100 lbs., without the
influence of latch tension. Hb calibretion data exists which is directly
comparable to the check~oul velues. Based on the available information,
it is recommended thst the calibration information be used for flight dats
evaluation.

AC-6 PAYLOAD ADAPTER STRAIN GAGE CHECK-CUT DATA *

Bridge output due Yo Bridge cutput due to

Meagurement applisd load of 2100 placing AC-6 paylosd

No. it. on clamped sdapter on wnclaomped adapter

_{Microinches/in, ) (Microinches/in. )

Cakg1sA 130 225
CALG1SB 1C0 ¢ 215
CAL91SC 8s 200
CALZ28A 125 1h5
Ccabgess | 110 133
CANG2SC 95 115
CALO3SA 120 230
CAkO33B 80 219
. CAkg3se 7C 199
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VI.

Nose Fairing Split Lipe Latch Lug Strein Gages

A1l gagpes opersted properly withcut rework. The lug loads were resd

during Hoge Fairing sesembly oefore quad terking end Lefore launch
using SR-4 Strain Indicator, S/N 9G06E6. The ;»relaxmc.h readings are
ghown below. No protlems were encountered. Loads werc read (1) after
each pair of latches were torqued-and pLe fixture had Leen removed, (2)
after all latches Lad been torquad in the clean area, ond (,,) on th&
wisgile. »

Conditim 1 Conditim 2 Condition 3

s8/N . Location gqued  Lead (Lbs) Loed (Irs) Load (Ibs)

48  Conical Section III, IV 1330 1250 1200
Bottonm

45  Conieal Section III, IV 1660 1360 1790
Center

Lo Conical Section III, IV 1910 1310 1660
Top : .

4  Conieal Section I, II 1530 1430 1250. *
Bottom

41  Conical Section I, II 1350 - 1370

. . Center

k4 Conical Section I, II 1860 . O - 1560
Top -

L3 Barrel Section 11T, 1300 - 1300

47 Barrel Section I, IT 1450 - 1k50

()(j/v—m
PREPARED BY /x Z v 5- 14y
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iscussion:
The attached report summarizes results of the data evaluation for the

AC-6 flight strain gage program. This program was suthorized under NASA
Technical Directive 126.
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INTRODUCTION

]
This report summarizes the results of an evaluation of straein gage data
obtained from the AC~6 flight. This task was authorized by Technical
Directive 126, NASA Contract NAS3-3232.

The intent of this program was twofold; 1) messure actual stress level
changes experienced by the Centaur fuel tenk during flight, and 2) calculate.
flight loads using the stress data.

Figure 2, appendix, illustrates sign convention used in denoting flight
loade experienced by the Atlas-Centaur vehicle.

Stress levels were calculated using telemeiered strain dsta; however, stress
levels and moments calculated did not correlate with expected loading
indicated by another measured data. EBrratic deta obtained was the result

of unpredictable degree of insulation panel restraint each area provides

to the strain gages.

BACKGROUND

Strain geges (Type FNBO50-12E) were bonded to the outer surface of the
Centaur liquid hydrogen tank at six locations for Station 24l and four
locations for Station 397. (See FPigure 1 Appendix). Axial strain wes
measured at each location while hoop strein was measgured at only two
locations per station level. Ideally, both hoop and axial strain would
be meagured at each location. However, due to the limited channel avail~
ebility, hoop strain measurements were limited as stated ebove. This less
than ideal situation does not compromise the results to any great extent
as the hoop strain theoretically should not vary significantly around the
tank and is not affected by external loading.

The telemetered strain data was converted to stress using the IBM TO94

DCS Digital Computer Program 3833. Complete results, both tabulated

and plotted, are presented in AS-D-991. Equations used to determine monments
are also found in this reference. To further enhance éhe accuracy of the
results, engineering constents, modulus of elasticity (E) and poissons ratio
(p) were experimentally determined for tank skin samples from the same Heat
and coil as the flight vehicle. (Reference 2)



BESULTS

Flight loads occurring at the time of maximum serodynemic loading (meg q)
were of particulsr interest. Since this is the time of maximum bending
noments, vehicle fuel tank skins are critical. Other flight times of

interest were BECO (maximum axial load) and insulation panel jettison. A

sﬁmmary of the results of this analysis for these events is presented herein.

Axial stress at three circumferential locations was used to compute

bending mowents at Station 241 and Station 397 which correspond to
the forward and aft end of the Centaur fuel tank.

Bending moments computed in this manner (presented in Reference 1) using
flight data appeared to be unreslistically lerge when compared with the

angle of attack excursions and interstage adapter bending moment data.

Eveluation of Quad-tanking stralin date pointed out that bending moments
were indicated during pressurlzstion tests. Definite linearity with

pressure increasge precluded the existence of an actual aspplied moment

of thig megnitude. This is clearly indicated in Figure 5 and 6 of the
appendix.

Since the moment calculations were based on stress differences along
the tank circumference, any veriation in the pressure stress field
would result in the indication of an applied bending moment. Further-
more, due to the magnitude of the tank section modulus (I/C), small
stress differences result in significant bending moments.

An attempt was made to compute a correction factor, utilizing Quad-

tanking data, for the strain gage to strain gage pressure stress vari-
ation. However, the resulting corrected flight bending woments were

further increased. It was concluded that the correctioq factor baged



C.

on static conditions (Qued-tanking) was not valid for flight. This
could be caused by insulation panel shifting on the tank or other
effects causing a change in insulation panel restraint.

Bvaluation of the effects of the insulation panels on the tank stress
field presents the greatest problem in computing flight bending moments.
Previous test progrsms (Reference 3) have indicated the panels definitely
tend to restrain the tank skins resulting in increased exial tensgion
stress. This induced stress does vary around the tank and introduces
unaccoﬁntable errors in the moment calculations. As a result of this
anelysis the derived flight bending moments are not considered valid.

BOOSTER ENGINE CUTOFF(EECO) T41k2 SEC.

Booster engine cutoff results in a rapid decrease in longitudinal ac-
celeration of the vehicle with a corresponding incresse in tank skin

stress. The table below shows the excellent correlation between theo-

retical and measured stress changes at BECO.

STA MEASURED Agy, PST CALCULATED Acj PST
okh1 L4800 4800

397 6400 5200
INSULATION PANEL JETTISON T+171.8

The stress perturbations occurring at panel jettison clearly support the
gtatement made in regards to predictability of axial restraint of the
panels on the tank. However, the hoop restraint due to initial panel
pretension at installation is in good agreement with the design values.
The follbwing teble summarizes the stress changes at each gage location:



LOCATION Aoy, (% Lomm;m) Aoo, (% BOOP)
1 =10 -
2 -6 +5
3 -9 -
4 +5 -
5 -l +6
6 +3 -
T -l -
8 -1 +
9 =7 45

(+ Indicates increage in stress)

CONCLUSIONS:

Due to the errors introduced by the Insulation Panel effects on the

h 4

stress distribution around the fuel tank, bending moments cannot be
calculated with any degree of accuracy.

This program successfully demonstrated the feagibility. of using strain

gages in the complex environment experienced by missiles and sgpace

yehicles.

The stress data obtained from this program supported the analytical
methods used to establish launch restrictions in regards to pressuri-

- zation reguirements.

Included in this report are plots of significant data supporting this
analysis. This informstion can be found in the attached appendix.



This technique uged in the evalustion of external loads should not be used
on complex structures such as the tank-insulation panel combination. However,

application to simpler structures should yield satisfactory results.
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1. AS-D-991, "Analysis of AC-6 Flight Strain Gege Data," dated 8 September
1965.

2. Memo 578-b-M-65-82, "Results of Materisl Property Tests and FNB-50-12E
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3. Test Report 55B3309, "AC-6 Axiel Load and Bending Moment Test Results.”
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